An expert panel reviewed all potential events before eventual inclusion. Patients with a subarachnoid hemorrhage were not followed up. For additional details, see the online-only Data Supplement.
S urvivors of stroke are at significant risk of further vascular events; the cumulative risk of myocardial infarction, recurrent stroke, or vascular death is as high as 29% at 5 years. 1 Established treatments for preventing further vascular events include long-term use of medications 2 such as antihypertensive agents in all survivors of stroke [3] [4] [5] and, in patients with ischemic stroke, antithrombotic therapy and lipid lowering with HMG-CoA reductase inhibitors. 5 Individually, these treatments reduce the risk of additional vascular events by 16% to 45%, but combining multiple treatments could reduce the relative risk of more vascular events by as much as 80%. 6 Despite this, treatment rates after stroke remain low worldwide. 7 Recognition that in-hospital initiation of appropriate medications reduces the likelihood of further vascular events 8 has led to the recommendation that therapy should be initiated before discharge from hospital. 9 Initiation of therapy can be increased through comprehensive prevention programs. [10] [11] [12] However, despite evidence for improved treatment rates at 1 year, 13 there is little evidence that this improved treatment continues in the long term.
The population-based Northeast Melbourne Stroke Incidence Study (NEMESIS) provided a unique opportunity to assess long-term use of medications. We aimed to identify factors associated with use of medications for secondary prevention in long-term survivors of stroke.
Categorization of Medication Use
Medications prescribed at discharge from hospital were recorded from medical records. At each follow-up interview, patients were asked about all medications currently being taken. Usually patients showed their medications to the research nurse or provided a prescription list. Participants were considered to be taking an antihypertensive agent when they reported taking any diuretic, αor β-blockers, calcium channel antagonists, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, vasodilators, or α-methyldopa for any reason. Patients were classified according to whether or not they were taking HMG-CoA reductase inhibitors (statins). Antithrombotic agents included antiplatelet agents (aspirin, ticlopidine, dipyridamole, clopidogrel, and aspirin-dipyridamole combinations) and anticoagulants (heparin and heparin salts, dalteparin, and warfarin).
Patients were categorized according to whether their treatment accorded with recent pharmacological recommendations. 5 Optimal medication use was defined when patients reported taking (1) an antihypertensive agent (any stroke) and (2) a statin and an antithrombotic agent (ischemic stroke only).
Statistics
Mantel-Haenszel χ 2 tests were used to assess differences in the proportion of patients taking the recommended pharmacological agents at discharge and 10 years poststroke.
Univariable logistic regression was used to identify factors associated with medication use at each follow-up period. The purposeful selection method, as described by Hosmer et al, 17 was used to build a parsimonious multivariable model. Those factors identified in univariable analyses as potentially significant (P<0.20) were fitted with serial removal of the least contributing variables until all variables in the model had a P value ≤0. 10 . In accordance with standard procedures, age, sex, and socioeconomic variables were forced in the model irrespective of whether their P values were ≤0. 10 . Each excluded variable was then entered separately into the model to determine its contribution to the final model. All possible 2-way interactions were examined during model construction, and a likelihood ratio test was used to assess statistical significance. Because of the large number of potential interactions, and hence the possibility of chance findings, interactions are only reported if the P values were significant (P<0.05) in ≥3 of the 9 time points assessed. People with missing data for any of the variables that comprised part of the multivariable models were excluded.
All analyses were undertaken using Stata version 11.2 (StataCorp) and all P values are 2-sided.
Ethics
The study was approved by ethics committee at each institution. Informed consent was obtained before any interview was conducted.
Results
In total, 1241 patients with ischemic stroke, intracerebral hemorrhage, and undetermined stroke were recruited (Figure 1 ). In the 952 patients who survived to 28 days, the mean age was 74.6 years (SD, 13.3), 52.7% were women, 14% were discharged on optimal medications, and 59% were discharged on an antihypertensive agent ( Table I in by guest on April 13, 2017 http://stroke.ahajournals.org/ Downloaded from Supplement). Among those with an ischemic stroke, 14% were discharged on a statin and 86% on an antithrombotic agent ( Figure I in the online-only Data Supplement). Not all participants were interviewed at each time period because of either gaps in study funding or refusal to participate. Response rates ranged from 72% to 92%.
Use of antihypertensive agents in 10-year survivors was higher at 10 years (74%; 190 of 256) than at hospital discharge (58%; 148 of 256; P<0.001; Figure I in the online-only Data Supplement). In those with an ischemic stroke, use of statins rose from 21% (44 of 212 discharges) to 48% at 10 years (102 of 212; P<0.001), wheres use of antithrombotic agents declined (92% at discharge, 78% at 10 years; P<0.001). Fortysix 10-year survivors (18%) were discharged on optimal medications according to the current recommendations, whereas 88 (34%) used these agents at 10 years poststroke (P<0.001).
Factors independently associated with optimal use of medications 10 years after stroke included age 65 to 74 years (OR, 2.48; 95% CI, 0.93-6.63) and 75 to 84 years (OR, 2.22; 95% CI, 0.85-5.81), history of hypertension at stroke onset (OR, 1.78; 95% CI, 0.93-3.40), greater body mass index (OR, 1.08 per kg/m 2 ; 95% CI, 1.02-1.15), regularly visiting a general practitioner (OR, 1.85; 95% CI, 0.93-3.67), and optimal prescription at hospital discharge (OR, 2.62; 95% CI, 1.19-5.77; see Table) .
In multivariable logistic regression, the factor most strongly associated with optimal medication use from 2 to 10 years after stroke was optimal prescription at hospital discharge (see Table) . The association between optimal prescription at discharge and optimal prescription at follow-up was greater in those not disadvantaged than those disadvantaged, and this seemed to be limited to women (Table II in the online-only Data Supplement). There also seemed to be an interaction between smoking status and treatment at discharge on optimal use of medications (Table III in the onlineonly Data Supplement).
In analyses adjusted for only age, sex, and disadvantage ( Figure 2 ; Table IV in the online-only Data Supplement), the association between prescription at discharge and continuing medication use declined over time (for optimal use, antihypertensive agents, and statins). The patterns observed in adjusted analyses were mirrored in univariable analyses ( Table V in 
Discussion
Our major finding is that prescription of optimal medications at hospital discharge was the factor most strongly associated with optimal medication use from 2 to 10 years after stroke, being ≈32-fold at 2 years after stroke. This association was particularly strong in women who were not disadvantaged. These findings were robust, being consistent across univariable analyses, in multivariable analyses adjusting for age, sex, and disadvantage, and in fully adjusted models. Remarkably, the association between prescription of these agents at discharge from hospital and subsequent use remained evident 10 years after stroke. Other authors have shown, using univariable analysis only, that 3-month persistence of medication use was associated with persistence of medication use at 12 months. 18 However, there has been no previous analysis of factors associated with continued persistence beyond 2 years poststroke. 18, 19 Our findings demonstrate, for the first time to our knowledge, the critical impact of good hospital management on long-term medication use in survivors of stroke.
Unsurprisingly, the strength of the association between prescription of medications at discharge and medication use seemed to decline with each successive year, although there was some apparent variability, largely attributable to fewer observations in some years (eg, year 6). Despite this decline, the relationship was still strong at 10 years after stroke.
It is encouraging that use of antihypertensive agents and statins increased over time. This contrasts with previous findings of declining use of medications over time. 19, 20 However, in many previous studies, only patients who were prescribed secondary prevention agents at hospital discharge were followed up, 19 thereby eliminating those who were newly prescribed these agents. Furthermore, the publication of landmark trials of secondary prevention in stroke using antihypertensive and lipid-lowering therapies in the intervening years 3, 21 has likely led to an uptake in treatment.
Although other authors have found improvements in medication use <12 months of discharge, 13, 22 sustained improvement in use >2 years has not been previously shown. Indeed, the continued improvement in use of antihypertensive agents and statins for such an extended period, to 10 years, has not been previously observed, except in patients after cardiopulmonary bypass surgery. 23 Collectively, these observations suggest that local medical practitioners have heeded the results of the major clinical trials on secondary stroke prevention.
Despite improvement in medication use over time, there were still large numbers of patients not taking these agents. A range of factors, including hypotension, off-target side effects, and adverse drug reactions, may have contributed to the relatively low (70%) use of antihypertensive therapy at 10 years. However, it is unlikely that 30% would be ineligible for treatment. The fact that antihypertensive therapy has been associated with up to a 25% reduced rate of recurrent stroke 24 provides strong impetus to ensure that patients are treated optimally.
Our findings are particularly important given the concern raised by the results of the Scandinavian Candesartan Acute Stroke Trial (SCAST) in which blood pressure-lowering agents were found to be harmful when administered for a 7-day period during the acute phase of stroke. 25 If clinicians are not prescribing blood pressure-lowering drugs within the first week of stroke, some patients may be discharged before therapy could be initiated. This would be a lost opportunity to initiate and potentially influence long-term therapy. Therefore, there is a need for follow-up appointments to be made closer to the time of discharge, thereby ensuring that patients are prescribed appropriate medications early after stroke.
Two factors might explain why many patients (51.9%) with ischemic stroke were not treated with statins in this cohort. First, before 2006, statins were not covered by the Australian Pharmaceutical Benefits Scheme for patients at risk of a major cardiovascular event, unless the patient's blood cholesterol concentration met a certain threshold. 26 Therefore, a large proportion of patients were, until then, required to pay the full price for their statin. Second, the groundbreaking research demonstrating the benefits of statins in secondary prevention of stroke and For each time period, the covariates included in the models were all those in which the ORs and 95% CIs are reported. BMI indicates body mass index; CI, confidence interval; GP, general practitioner; NIHSS, National Institute of Health Stroke Scale; and OR, odds ratio. -indicates factors not associated with optimal medication use and, therefore, not included in the multivariable model presented; X indicates factors with >50% missing observations and excluded from the multivariable model. *Optimal medication use refers to self-reported use of an antihypertensive agent in all survivors of stroke, and use of a statin and an antithrombotic agent in those with ischemic stroke.
by guest on April 13, 2017 http://stroke.ahajournals.org/ Downloaded from transient ischaemic attack was published at a time when our participants were between 7 and 9 years after stroke. 21 In contrast to Lummis et al, 27 we found that current smokers at the time of stroke were more often taking optimal medications compared with never-smokers, although the findings of the interaction analyses did not always support this. We speculate that local medical practitioners might have adopted the absolute risk approach to patient management and so are more likely to prescribe secondary prevention therapies in those with multiple risk factors than in those with fewer risk factors.
Although great care was taken in the design of this study, there are some limitations. First, the use of self-report to elicit information on medication use, height, and weight may have introduced some bias. In particular, the use of medications was not evaluated independently by pill counts. However, given the reported excellent agreement between self-report and pharmaceutical claims data, at least for antihypertensive agents (>0.70), this bias was likely to be minimal. 28 In addition, nurses were usually shown medications patients were taking, although this would not help if there was a disparity between prescription and actual use by the patient. Furthermore, prescription of medication or its use cannot help determine whether control of risk factors was achieved. It is also likely that some patients among those not interviewed have been less compliant, and so this may have resulted in an overestimate of overall medication use. In addition, some patients may have contraindications to medications, but because we did not collect such information, we were unable to exclude these patients from the analyses. Contraindications to secondary prevention therapies have been reported in 3% to 13% of patients. 10 This is significantly lower than the proportion of patients in our study not prescribed medications at discharge (41% of eligible patients were not prescribed an antihypertensive and 86% who were not prescribed statins). Thus, it is unlikely that the inclusion of these patients greatly affected the interpretation of our findings. In fact, the inclusion of patients with contraindication to treatment has likely resulted in an underestimation of effect because these patients could only contribute to the reference category. Finally, it would have been useful to separately analyze the impact of antiplatelet and anticoagulant use. However, as anticoagulant use is recommended to those with ischemic stroke and atrial fibrillation, and we did not obtain information on atrial fibrillation at follow-up, this could have led to inaccurate classification of optimal medication use within these groups.
There are several strengths to the study. First, this investigation was undertaken within the framework of an incidence study of stroke, and so the findings are relevant to a generalizable patient cohort. A unique aspect of our data set is the availability of robust data from 2, 3, 4, 5, 6, 7, 8, 9, and 10 years after stroke, enabling the identification of a major factor in best practice management. Another major strength is our careful assessment of medication use.
In conclusion, we provide compelling evidence of the importance of initiating secondary prevention therapies before patients leave hospital and its potential to influence long-term use of medications. As shown by the Preventing Recurrence of Thromboembolic Events through Coordinated Treatment (PROTECT) program, it is possible to improve appropriate prescription at discharge from hospital. 10 Therefore, educating both medical staff and patients about the importance of secondary prevention therapies will likely result in improved uptake of these life-saving therapies. Because there is evidence that treatment at hospital discharge has a major impact on long-term use of secondary prevention medications, the improved prescription of optimal medications at discharge is likely to have major long-term benefits, including a reduction in further vascular events after stroke.
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Figure 2.
Odds ratios (and 95% confidence intervals) for association between use of each medication type at each time period and prescription of medications at hospital discharge, adjusted for age, sex, and disadvantage. Optimal medication use refers to use of each medication according to the guidelines for secondary stroke prevention. 
Supplemental Methods
We utilized data from the NEMESIS collected at baseline and at yearly intervals from 2 years to 10 years following stroke. Details of case ascertainment and collection of baseline data have been reported previously. 1, 2 Briefly, between 1 May 1997 and 30 April 1999 all cases of stroke were ascertained from a defined population of 306,631 in Melbourne, Australia. Research nurses used hospital and nonhospital sources to identify patients. The main case surveillance processes were hospital admission lists, stroke unit lists, hospital discharge lists, imaging lists, local medical practitioners, nursing homes, death certificates, advertisement and newsletters. Patients were included in the study if (i) they had a medically diagnosed stroke according to the World Health Organization clinical criteria, 3 (ii) diagnosis was made by a medical practitioner within 28 days of stroke, (iii) the stroke occurred within the time period of the study, and (iv) they were resident in the defined geographic region. At least two neurologists and an epidemiologist reviewed all medical histories prior to eventual inclusion. Although people with any stroke subtype were eligible for inclusion in the incidence study, those with a subarachnoid hemorrhage were not followed up.
Baseline Assessments
Research nurses collected baseline demographic, clinical and medical history data on all patients using medical records. On occasions when medical records were unavailable, these data were supplemented by contacting the treating physician and/or the patient. Relevant demographic data included date of birth, gender, country of birth, and living place at the time of stroke. Clinical and medical details comprised date of stroke, stroke symptoms, results of tests including imaging, comorbidities and risk factors. A comprehensive list of all medications prescribed to patients at discharge was also obtained. Level of disadvantage for each participant was defined according to the Index of Relative Socioeconomic Disadvantage and was allocated by location of residence at the time of stroke. 2 This score is assigned to regions of approximately 200 households and is based on answers provided in the 2006 census. Low scores denote greater disadvantage (e.g., regions having more people with relatively unskilled occupations) than high scores (e.g., regions having fewer people with low educational attainment).
Follow-Up Assessments
At 2, 3, 4, 5, 7 and 10 years after their stroke, survivors were contacted to request participation in a face-to-face interview. At 6, 8, and 9 years after stroke, survivors were asked to participate in a telephone interview. When a potential participant was severely dysphasic or cognitively impaired, a close relative or friend acted as a proxy. 4 Repeated attempts to contact participants were made at each time point to maximize the response rate. Questionnaires were utilized to obtain self-reported information on lifestyle factors, height, weight, frequency of visits to medical practitioners, and medications used.
Definitions
For each time point age was calculated in years as a continuous variable by subtracting the date of birth from the date of interview. Disadvantage was categorized into 2 groups, those above and below the median level of socioeconomic status for the whole of Australia. Country of birth was used to classify patients into "Australian born" or "other" irrespective of ethnic origin. Body Mass Index (BMI, kg/m 2 ) was calculated using self-reported weight (in kilograms) divided by the square of their self-reported height (in meters). Participants were classified as living in an institution according to their residence at the time of stroke. Ischemic stroke and intracerebral hemorrhage were confirmed by either cerebral imaging or autopsy. An 'undetermined stroke' was categorized when a patient had not undergone imaging within 28 days of the onset of symptoms and an autopsy had not been performed.
Severity of stroke was assessed using the National Institute of Health Stroke Scale (NIHSS) score. 5 Where possible, the NIHSS was completed within 7 days of stroke, based on symptoms present at the time of assessment. As some patients were ascertained >7 days after stroke, their NIHSS scores were extracted from medical records using the first neurologic examination, a method that has been validated. 6 The NIHSS score was analyzed as a continuous variable. Prior diagnosis of hypertension was determined by medical record. Atrial fibrillation was deemed present when it was noted in the medical record as being present either on or during admission.
Smoking status was obtained from medical records. Never smokers were defined as people who had never smoked in their lifetime, current smokers were defined as people who were smokers at the time of their stroke, and ex-smokers were those who had previously smoked but were non-smokers at the time of their stroke. Regular contact with a GP was defined from self-reported regularity of visits. Visiting a GP at least once every 2 months was considered 'regular'.
Categorization of medication use
Medications provided at discharge from hospital were recorded using discharge summaries. At each follow-up time period patients were asked about which medications they were currently taking. Usually research nurses were shown the bottles and packets containing the medications or were provided with a prescription list. Participants were considered to be taking an antihypertensive agent when they self-reported taking any diuretic, α or β blockers, calcium channel antagonists (CCBs), angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), vasodilators or α-methyldopa. Patients were classified according to whether or not they were taking HMG-CoA reductase inhibitors, and no other lipid lowering therapies were included. Antithrombotic agents included antiplatelet agents (aspirin, ticlopidine, dipyridamole, clopidogrel, and aspirin-dipyridamole combinations) and anticoagulants (heparin and heparin salts, dalteparin, and warfarin).
Patients were categorized according to whether or not they were being treated in accordance with the pharmacological recommendations outlined in the Australian National Stroke Foundation's Clinical Guidelines for Stroke Management. 7 Self-reported use of the relevant drug types were used in order to assess whether the patient was being managed according to these guidelines. Optimal medication use was defined when patients reported taking (1) an antihypertensive agent (any stroke); and (2) a statin and an antithrombotic agent (ischaemic stroke only). .005 Disadvantaged refers to those living in a socioeconomic region below the median level for Australia; NIHSS: National Institute of Health Stroke Scale; SD, standard deviation; *p for difference in characteristics between 28 day survivors and 10-year survivors, t-test for continuous variables, and  2 for categorical variables; †At 28 days use of medications refers to those discharged on these medications, while at 10 years this refers to those self-reporting use of these medications; ‡ optimal medication use refers to self-reported use of (10 year survivors) or discharged on (28-day survivors) an antihypertensive agent in all survivors of stroke, and a statin and an antithrombotic agent in those with ischemic stroke; § in those with ischemic stroke Supplemental Table II . Effect of interaction between optimal medication prescription at discharge and disadvantage on optimal medication use at each time point.
Supplemental
Odds *optimal medication use refers to self-reported use of an antihypertensive agent in all survivors of stroke, and use of a statin and an antithrombotic agent in those with ischemic stroke. †p-value for the interaction(likelihood ratio test). ‡Omitted categories are those excluded due to co-linearity or are highly predictive of failure or success. When this occurs a likelihood-ratio test cannot always be conducted. Supplemental Table III . Effect of interaction between optimal medication prescription at discharge and smoking on optimal medication use at each time point. OR: odds ratio, CI: confidence interval For each time period the covariates included in the models are all those in which the odds ratios and 95% confidence intervals are reported in Table 1 (men and women combined) and Supplemental Table VI (separate analyses for men and women). *optimal medication use refers to self-reported use of an antihypertensive agent in all survivors of stroke, and use of a statin and an antithrombotic agent in those with ischemic stroke. †p-value for the interaction (likelihood ratio test). ‡Omitted categories are those excluded due to co-linearity or are highly predictive of failure or success. When this occurs a likelihood-ratio test cannot always be conducted. *optimal treatment refers to use of an antihypertensive agent in all survivors of stroke, and use of a statin and an antithrombotic agent in those with ischemic stroke. OR: odds ratio, CI: confidence interval, BMI: body mass index, NIHSS: National Institute of Health Stroke Score, GP: General Practitioner For each time period the covariates included in the models are all those in which the odds ratios and 95% confidence intervals are reported. "-" refers to factors not associated with optimal medication use and therefore not included in the multivariable model presented; "X" refers to those factors where there were >50% missing observations, and so factors were excluded from the multivariable model. *optimal medication use refers to self-reported use of an antihypertensive agent in all survivors of stroke, and use of a statin and an antithrombotic agent in those with ischemic stroke. The following variables were not associated with optimal treatment in any of the models: institutionalized at time of stroke, NIHSS score. 

